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httpicense.Abstract Fractures appear predominantly in brittle rocks; hence in consolidated formations they
are usually sub-vertical and perpendicular to the plane of group of more or less parallel fractures.
Vertical fractures refer to the high-angle events (parallel to the borehole) while the horizontal ones
indicate the truly horizontal or sub-horizontal events. The unfractured parts of the block matrix in
hard rocks are slightly affected by invasion. Added, fracture aperture was estimated using the Dual
Laterolog (DLL), which includes the deep (LLD) and the shallow (LLS) resistivities.
The area of study is Rudeis-Sidri area, Gulf of Suez, Egypt. Nine Wells were selected for applying
the present technique to determine the reservoir performance of Nubia Sandstone Formation in the
considered area. The technique depends on the separation between deep and shallow laterolog in
case of vertical fracture and the sharp reduction of LLS log in case of horizontal fractures. In
high-contrast formation the calculation of fracture aperture can be done if mud conductivity is also
known. Also the dipping of the detected fracture is calculated to ensure the type of fracture. The
obtained results show that the detected fractures are generally short vertical fractures with a few
numbers in the Nubia Sandstone Formation which cannot be the main factor in production (if pres-
ent) of this formation.
ª 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute.m (T.F. Shazly).
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The present study dealt with the fracture parameters of Nubia
Sandstone Formation in Rudeis-Sidri Field, the Gulf of Suez,
Egypt, by using nine wells (ARM-2, ARM-3, ARS-1, ARS-3,
ARS-4, ARS-5, ARS-6, S-8 and R-5). Abu Rudeis-Sidri Field
located on the eastern coast of the Gulf of Suez, about 25 km.
north Belayim land Field, to the southeast of October and Ras
Budran Fields. Fig. 1 shows the location map and wells distri-
bution of the study area.gyptian Petroleum Research Institute.
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Figure 1 Location map and distribution of wells in this study of the Abu Rudeis-Sidri Field.
314 T.F. Shazly, E. TarabeesDetection of fracture in brittle rocks around boreholes has
been treated [1–3]. Many log readings (as Dual Laterolog)
showed some deviation from the normal conditions in front
of fractures, where in the presence of open fractures, mud eas-
ily displaces the original ﬂuid. As a result, distortion in some
readings of the Dual Laterolog was well observed. Such devi-
ations were used to deﬁne their types and to determine their
porosities, apertures and dipping.
Vertical fractures caused the shallow resistivity (RLLS) to
separate from the deep one (RLLD) by a way that, RLLD is
higher than RLLS (RLLD > RLLS). In case of horizontal frac-
tures, sharp reduction in the deep laterolog (RLLD) was ob-
served, with or without separation, through which the
separation may be reversed (RLLS > RLLD). The separation
in such a case was very small compared with that of the vertical
fractures [4].
2. Subsurface stratigraphy
A complete sedimentary sequence range in age from Precam-
brian to recent was penetrated. Fig. 2 shows the stratigraphic
column of Abu Rudeis-Sidri Field, as well as the geologic
events, which affected the deposition of the various Miocene
rock units.
The basement is uncomformably overlain by the Paleozoic
to Early Cretaceous sediments (Nubia Fm.) [5], which are inturn uncomformably overlain by a complete sequence of stra-
ta, range in age from Cenomanian to Middle Eocene. These se-
quences were subdivided into seven formations, namely Raha,
Wata, Matulla, Sudr, Esna, Thebes and Samalut Formations.
The Pre-Miocene sequence is intruded in some wells by basal-
tic dykes of probable Oligocene in age. The Samalut Forma-
tion is uncomformably overlain by Abu Zenima Formations
which in turn is overlain by Nukhul, Rudeis and Kareem
Formations of the Early to Middle Miocene age. The Early
and Middle Miocene clastics (mostly shale) of Rudeis and
Kareem Formations are well developed in Abu Rudeis-Sidri
Field. Two to three evaporite beds were recorded at the base
of Kareem Formations. The Middle to Late Miocene rocks
include three formations Belayim, South Gharib and Zeit
Formations. The Pre-Miocene in Abu Rudeis-Sidri Field is
composed mainly of sandstone and clay sequence.
3. Dual Laterolog resistivity measurement
The Dual Laterolog (DLL) provides two resistivity measure-
ments with different depths of investigation: deep (LLD) and
shallow (LLS). In both devices, a current beam 2 ft-thick
(A0) is forced horizontally into the formation by using focusing
currents (A1, A2, A
0
1 and A
0
2). Two monitoring electrodes (M1,
M2, M
0
1, and M
0
2) are part of a loop that adjusts the focusing
currents so that in the section of the borehole between the two
Figure 2 Generalized stratigraphic column of the Gulf of Suez
[6].
Figure 3 Schematic of the Dual Laterolog [10].
Using of Dual Laterolog to detect fracture parameters 315electrodes no current ﬂow occurs. For the deep measurement,
both measure and focusing currents return to a remote elec-
trode on the surface at large distance. Thus the depth of inves-
tigation is greatly improved, and the effect of borehole
conductivity and of adjacent formations is reduced. In the
shallow laterolog, in contrast, the return electrodes which mea-
sure the bucking currents are located on the sonde. Therefore,
the current sheet retains focus over a shorter distance than the
deep [4] (Fig. 3).
The depth of investigation of the laterolog depends on the
resistivity of the rock and on the resistivity contrast between
the fracture zone and the unfractured formation. Invasion
and the type of water-based mud can severely affect laterolog
measurements.
Corrections are also required for bed-thickness and borehole
size. Charts have been constructed froma series ofmathematical
simulations to correct the log readings for these inﬂuences [7].
Laterolog tools are generally recommended for use in salt muds,
lower porosities and high-resistivity formations [8,9].
4. Delineation of fracture types, apertures and dipping
4.1. Fracture Types
The separation between deep and shallow laterolog allows the
estimation of vertical fracture where RLLD < RLLS (Fig. 4a),while the isolated horizontal fracture can be identiﬁed through
the sharp reduction in LLD (Fig. 4b). These deviations in the
laterolog were used to detect the places of vertical and horizon-
tal fractures. These deviations were due to the displacement of
mud instead of the original ﬂuids which are found in the open-
ing of fractures. The different fractures for the studied forma-
tion were detected by using resistivity logs for the studied nine
wells as shown in Figs. 5–7.
4.2. Fracture Apertures
In fractured rocks large separations are observed between shal-
low and deep laterolog curves. In high-contrast formations the
Dual Laterolog response is controlled by four parameters:
the resistivity of the formation blocks, Rb, the resistivity of
the invading ﬂuid, Rm, the extent of invasion and the fracture
opening. With a few simplifying assumptions, a numerical ﬁ-
nite-element model has been developed for the Dual Laterolog
measurement in a borehole in order to solve the inverse prob-
lem and to determine the fracture aperture [11].
4.2.1. Delineation of vertical apertures
The conductivity difference (Dc) between shallow and deep
laterolog (CLLS and CLLD) was used to compute the fracture
aperture [12,13]. The same quantity (Dc) was found to be pro-
portional to the total fracture opening of the vertical fractures,
in which the used equation depended on the following formula
[11]:
Dc ¼ 4  104£v  Cm ð1Þ
£v ¼ ðCLLS  CLLDÞ=ð4  104  CmÞ ð2Þ
Figure 4 Typical Dual Laterolog response near a vertical fracture and a single horizontal fracture.
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Figure 5 Vertical and horizontal fracture apertures of Nubia Sandstone Formation in ARM-2, ARM-3 and ARS-1 wells.
316 T.F. Shazly, E. Tarabeeswhere:CLLS and CLLD are measured directly by Dual
Laterolog.
Dc is the conductivity difference in Ohm m.
£v is the vertical fracture aperture in micrometer (lm).
Cm is the mud conductivity measured in the borehole in
Ohm m.4.2.2. Delineation of horizontal apertures
In the case of horizontal fractures the deep resistivity tended to
decrease rapidly thus the separation between LLD and LLS
may or may not be reversed.
The conductivity difference between the deep laterolog
CLLD and the unfractured block matrix Cb is directly propor-
tional to the product of horizontal fracture aperture and the
invading ﬂuid conductivity Cm [11].CLLD  Cb ¼ 1:2  104£h  Cm ð3Þ
£h ¼ ðCLLD  CbÞ=1:2  104  Cm ð4Þ
where:£h is the horizontal fracture aperture (lm).
Cb is the conductivity of the non-fractured host rock; it is
calculated from Rb which may be different from Rt.
The maximum values of RLLD can be used as Rb in zones of
non-fractured rock masses [11].
4.3. Fracture Porosity
The estimation of fracture porosity has been found [14]. The
power function depends on the relation between the total
porosity of the formation and both of the resistivity of the for-
mation and the formation water resistivity:
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Figure 6 Vertical and horizontal fracture apertures of Nubia Sandstone Formation in ARS-3, ARS-4 and ARS-5 wells.
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Figure 7 Vertical and horizontal fracture apertures of Nubia Sandstone Formation in ARS-6, R-5 and S-8 wells.
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where Utot is the total connected porosity, Rw is the formation
water resistivity (ohm m.), Ro is the resistivity of a non-shaly
formation rock (ohm m.), ‘‘a’’ is the tortousity factor (mostly
about 1), and ‘‘m’’ is the Archie’s cementation exponent [9].
The value of cementation factor is less than two in case of frac-
tured formations.
Archie’s equation has been developed [12] in order to esti-
mate the fracture porosity in hard formations by the following
equation:
Umfrac ¼ ðCLLD  CLLDÞ=Cm ð6Þ
where Ufrac is the fracture porosity, m is the Archie’s cementa-
tion exponent, CLLS = 1/RLLS is the conductivity measured by
the shallow laterolog, CLLD = 1/RLLD is the conductivity mea-
sured by the deep laterolog, Cm = 1/Rm is the mud conductiv-
ity measured by mud log [4].
4.4. Fracture Dipping
The parameter ‘‘Y’’ was determined [15], it deﬁnes the dip of
fractures. If ‘‘Y’’ is more than 0.1, the fracture is sub-vertical;
if ‘‘Y’’ is between 0 and 0.1 the fracture is a dipping fracture
and if ‘‘Y’’ is less than 0, the fracture is sub-horizontal.
RLLD  RLLS
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
RLLd  RLLs
p ð7Þ5. Application in the study area
The previous method, which used the Dual Laterolog for
detecting the vertical and horizontal fractures, was applied
on Nubia Sandstone Formation for noticing these fracture
parameters in the hard rocks of the concerned area in the Gulf
of Suez. The different fracture parameters are recorded in
Table 1. Also both horizontal and vertical fractures were
presented for the studied wells in Figs. 5–7.
Fig. 5a exhibits that the Nubia Sandstone Formation in
ARM-2 well has not any horizontal or vertical fractures.
The horizontal and vertical fractures of Nubia Sandstone
Formation in ARM-3 well are shown in Fig. 5b where, there
is one horizontal fracture at a depth of 3630.75 m. which has
an aperture reaching to 72.27 lm and three vertical fractures
with apertures between 16 and 33 lm. The fracture porosity
is about 0.024 and the dipping factor is 0.142 for the horizon-
tal fracture and 0.531 for the vertical fractures.Table 1 Shows the estimated fracture parameters for the different
Well Name Fracture porosity Horizontal fra
Aperture
ARM-2 – –
ARM-3 0.024 2–80 lm
ARS-1 0.020 10–80 lm
ARS-3 0.014 2–250 lm
ARS-4 0.020 5–300 lm
ARS-5 0.002 2–50 lm
ARS-6 0.008 1–50 lm
R-5 0.036 0–150 lm
S-8 0.010 48–500 lmThere is one horizontal fracture in Nubia Sandstone For-
mation of ARS-1 well which is recorded in Fig. 5c. But there
were a large number of vertical fractures extended from the
depth of 3580 to 3725 m, the largest aperture reached to
69 lm. The value of fracture porosity has a value equal to
0.020, while the parameter ‘‘Y’’ is 0.546 for the vertical
fracture.
Fig. 6a exhibits that, there are two horizontal fractures in
Nubia Sandstone Formation of ARS-3 well with an aperture
around 230 lm. and with ‘‘Y’’ value equal to 0.414. Also
there are a number of vertical fractures extending from the
depth of 3635 to 3775 m. with the largest aperture extending
to 205.11 lm and having a dipping value equal to 0.542. The
fracture porosity of the studied formation for this well is 0.014.
ARS-4 well is represented in Fig. 6b, it reveals numbers of
the horizontal and vertical fractures which concentrated in the
upper part of the formation, where the horizontal fracture has
an aperture extended to 310 lm. The recorded fracture poros-
ity for this formation reached to 0.020 and the estimated value
of dipping factor is 0.011 and 2.11 for the horizontal and ver-
tical fractures consecutively.
In Fig. 6c Nubia Sandstone Formation in ARS-5 well
shows a variation between the horizontal and vertical frac-
tures, the vertical fractures increased from the depth of 3483
to 3560 m with a dipping value equal to 1.21. The horizontal
fractures have an aperture between 12 and 51 lm with a dip-
ping factor equal to 0.11. The total fracture porosity of the
studied formation is about 0.002.
ARS-6 well is exhibited in Fig. 7a, it indicated that, there is
one horizontal fracture in Nubia Sandstone Formation with
an aperture of 70 lm and ‘‘Y’’ factor equal to 0.213. Num-
bers of vertical fractures extended from the depth of 3655 to
3735 m. The largest aperture reached 350 lm. The estimated
value of the dipping value for these vertical fractures is 0.240.
Fig. 7b shows the two types of fractures in Nubia Sand-
stone Formation in R-5 well where there were two horizontal
fractures at the depth of 3460 m. and another one appeared at
3470 m. the largest aperture was 180 lm. The vertical fractures
with apertures between 25 and138 lm. The calculated values of
dipping factor are 0.014 and 0.832 for both horizontal and
vertical fractures consecutively. The fracture porosity for this
well in the studied formation is about 0.036.
In Fig. 7c it reveals, the major fractures were horizontal
fractures in Nubia Sandstone Formation of S-8 well which
have a apertures between 48 and 500 lm with ‘‘Y’’ factor
around 0.321 and showed that no vertical apertures through
the entire formation.wells in the study area.
cture Vertical fracture
Y factor Aperture Y factor
– – –
0.142 2–25 lm 0.531
0.182 2–60 lm 0.546
0.414 5–100 lm 0.542
0.011 1–75 lm 2.11
0.110 0–15 lm 1.21
0.213 2–350 lm 0.240
0.014 3–100 lm 0.832
0.321 – –
Using of Dual Laterolog to detect fracture parameters 3196. Summary and conclusions
Fractures are important petrophysical parameters, which af-
fect the log readings specially the Dual Laterolog and give
incorrect results for the other parameters measured from logs.
Vertical fractures cause the shallow resistivity (RLLS) to sepa-
rate from the deep one (RLLD) so, RLLD is higher than RLLS
while in case of horizontal fractures, sharp reduction in deep
laterolog (RLLD) is observed with or without separation.
A simpliﬁed technique is applied to detect the horizontal
and vertical fractures with its parameters (apertures, porosity
and dipping) for Nubia Sandstone Formation in Rudeis-Sidri
area, Gulf of Suez, Egypt. The detected fractures are mainly
few and short sub-vertical to oblique which were ensured by
the estimated value of dipping factor which has a value greater
than 0.1. The apertures range between 0 and 350 lm. Also the
total fracture porosity is very small, it has range values be-
tween 0.002 and 0.058 in ARS-5 and ARM-2 wells consecu-
tively. From the previous mentioned deductions, Dual
Laterolog measurement is of real interest to determine the dif-
ferent parameters of fracture. It can be said that the difference
in the fracture directions is due to the tectonic activities ex-
posed to the formation. Also the detected fractures have not
the ability to facilitate the production of oil (if present) in
the studied formation.
References
[1] Minne, J.C. and Gartner, J. (1979): ‘‘Fracture detection in the
middle East’’. Middle East Oil Technical Conference. SPE 7773.
[2] R. Aguilera, Naturally fractured reservoirs, Penn well
publishing company Tulsa Oklahoma, 1980.[3] T.D. Van Golf-Racht, Fundamentals of fractured reservoir
engineering, Elsevier Scientiﬁc Publishing Company,
Amsterdam, Oxford, New York, 1982.
[4] Vilmos, Austrian J. Earth Sci. 104 (2) (2011) 80–89, Vienna.
[5] Said, R. (1990): ‘‘The Geology of Egypt’’; A.A. Balkeme/
Rotterdam/ Brookﬁeld.
[6] EGPC, (Egyptian General Petroleum Corporation); (1996):
Western Desert, oil and gas ﬁeld, A comprehensive overview.
EGPC 11th Petrol. Explore. and Prod. Confer., Cairo, p. 431.
[7] Schlumberger, (1998): ‘‘Log interpretation charts’’.
Schlumberger Wireline & Testing, SMP-7006, Sugar Land,
Texas.
[8] Western Atlas, Introduction to wireline log analysis, Western
Atlas International Inc., Houston, Texas, 1995.
[9] S. Fricke, J. Scho¨n, Praktische Bohrlochgeophysik, Ferdinand
Enke Verlag, Stuttgart, 1999, p. 254.
[10] Schlumberger, (1991): ‘‘Log interpretation principles/
applications’’. Schlumberger Wireline & Testing, SMP- 7017,
Sugar Land, Texas.
[11] Sibbit, A.M. and Faivre, O. (1985): ‘‘The Dual Laterolog
response in fractured rocks’’, SPWLA.26 Ann. Logging
Symposium Transactions, Paper T.
[12] Boyeldieu, G. and Winchester, A. (1982): ‘‘Use of the Dual
Laterolog for the evaluation of the fracture porosity in hard
carbonate formations’’. Offshore South East Asia Conference.
[13] Yousif Shaaban, (2010): ‘‘Reservoir Evaluation of Nubia S.S.
Formation, in Rudeis-Sidri Area, Gulf of Suez, Egypt, Utilizing
well log interpretation’’ M. Sc., thesis, Faculty of Science, Sohag
Univ.
[14] G. Archie, The electrical resistivity log as an aid in determining
some reservoir characteristics, Transactions, AIME 146 (1942)
54–62.
[15] D. Shaogui, W. Xiaochang, Z. Dejiang, F. Yiren, Y. Zhen, J.
Chin. Univ. Geosci. V. 17 (2) (2006) 168–172.
